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(""I." 
Examined i s  t h e  dependnce of ampl i tudes  and phases  o f  t h e  

t h e  first harmonics  of s t o r m  number, annual  v a r i a t i o n  upon s t o r m s '  

i n t e n s i t y  and t h e  11 -yea r  c y c l e .  The phase of  t h e  f i r s t  harmonic 

is  s u b j e c t  t o  a c y c l i c d l  v a r i a t i o r s w i t h  an ampl i tude  n e a r  2s 
p a r a l l e l  t o  Violf numbers. T o g e t h e r  w i t h  o t h e r  f a c t s ,  t h i s  is  c o n s i -  

d e r e d  as a conseauence o f  e x i s t e n c e  i n  t h e  s t r e z m s  of t r a p p e d  magne- 

t i c  fields, The amplItilLe of t h e  second harmonic of  s t o r m  number 

annual  v a r i a t i o n  r i s e s  t o  40 - 50 p e r c e n t  of  t h e  mean-annual l e v e l  

and 

when p a s s i n g  from moderate  t o  major  s t o r r m .  

/* 
. 

Y COVEN TO COVm T l U N S L A T I O N  

It rias found i n  works c1, 2) t h a t  t h e  annua l  v a r i a t i o n  i n  

t h e  magne t i c  a c t i v i t y  c o n t a i n s  Darts r 
i s  syl?l- .etric,  and t h e  o t h e r  ( v i )  - d y s c y m i e t r i c  r e l a t i v e  t o  t h e  

and ti, of  hi& one ( r1 ) 1 1 

g e o g r z p h i c  e q u a t o r .  Inasmuch as a m g n e t i c  s t o r m  is a v7orldwid.e 

phenomenon encompaszing bo th  hemispheres ,  t h e  annua l  cour se  o f  t h e  

f r e q u e n c y  o f  s t o r m s  imst be f r e e  from t h e  p a r t  f-1. Consec-uently, 

mhen exal..ining I;; , we have t o  do with t h e  p a r t  p i n  t h e  pu re  form. 

I r k u t s k  c a t a l o g u e  o f  s t o r m s  c o v e r i n g  t h e  p e r i o d s  1908- 1913, 1 9 2 5 -  

1959, and  i n c l u n e s  t h e  d e , c r i p t i o n  o f  820 storm, from moderate  t o  

v e r y  heF.vy. 

A n a l y s i s  01 is b rough t  below accordin.;  t o  d a t a  o f  t h e  
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2 .  

'?he mater ia l s  of  t h e  c a t a l o g u e  a r e  used below t o  c o r r o b o r a t e  t h e  

r e a l i t y  of t h e  p a r t  m1, t h e  s t u d y  of i t s  s t r u c t u r e  and yea r - to -yea r  

v a r i a t i o n s .  

1. The s t a n d a r d  a n a l y t i c a l  r e p r e s e n t a t i o n  of geomagnet ic  
-I a c t i v i t y  c o n s i s t s  i n  Your i e r  s e r i e s .  llov:ever, i n  t h e  case  o f  

t h i s  method i s  n o t  alurays p r a c t i c a l .  Thus,  f o r  i n s t a n c e ,  one may 

e x p e c t  t h a t  t h e  ha rmon ics t  pa rame te r s  o b t a i n e d  from t h e  d a t a  o f  

s e p a r a t e  y e a r s  may f l u c t u a t e  ariiply, inzsmuch as t h e  mean f r equency  

o f  s t o r m  f o r A y e a r  does n o t  exceed 20, i. e .  t h e  s t a t i s t i c a l  volume 

i s  s m a l l .  That  is why i n s t e a d  o f  pa rame te r s  of harmonics  rb by t h e  

d a t a  of  each  y e a r ,  we u t i l i z e d  f o r  t h e  s t u d y  o f  v a r i a t i o n s  i n  

t h e  1 1 - y e a r  c y c l e  Tab le  1 ( n e x t  page ) ,  where t h e  v a l u e s  A - w i n t e r -  

sum..er d i f i e r e n c e s  of s t o r m  f recuency  for each  y e e r  ( w i n t e r  from 

ITovenber t o  Februa ry ,  sui i~, .er  from ilay t o  Augus t ) .  It i s  easy  t o  be 

convinced  t h a t  

d 

30 28. I 1  

1 COS ( n ~  - Qn) d T  E COS (127 - qn) d ~ ' ,  II = 2, 4, 6 .  
1. v 

n o . V I I :  28. 11 

c0s(rzt-2pn)dz= \ cos(nz-*n)dT=O,  n = 3  ; 
1. S v 1.21 

( t h e  l i m i t s '  v a l u e  is found from the  c o n d i t i o n s  = 0 f o r  1 J a n . ,  

7 = 360' f o r  31 Dece:..ber). Hence i t  may be s e e n  t h a t  t h e  c u a n t i -  

t i e s  A a r e  c h a r a c t e r i s t i c s  of  t h e  f i r s t  harmonic 

i n  o r d e r  t o  be aEsured o f  t h e  r e a l i t y  05 t h e  f i r E t  harmonic f, 
(de:  i g n a t e d  below by pi), i t  i s  s u f y i c i e n t  t o  f i n d  t h a t  t5e s e r i e s  

o f  h v a l u e s  i s  n o t  a s e r i e s  of random q u a n t i t i e s .  

fs . Conseauent iy ,  

h e  s e r i e s  

A, .  A?, A , , .  . A n  9 

1 1 1 
-7; (A, +- A , ) ,  7) [A3 3- A,) , . . . -2: (An-1 4- An) 9 

L 

1 1 
- 1 (A, + A2 + A,) , (A4 + A, + AG) , - . 9 3 (An-., + &-I $. An) 
3 

were co::iposed accorcl ing t o  d a t a  o f  Tab le  1. 
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i _ode r e  t e 
storms 

w i t h  graii. 
comencem, 

-1 
0 

' :ubsequeiitlg, cor:pute& n e r e  the v a l u e s  o f  t h e  " e q u i v a l e n t  

number o f  r e p e t i t i o n s "  [ 3 ]  : 

- 
2 
(4 

where h i s  t h e  nur-ber of cozponents  i n  e v e r y  t e r m  o f  t h e  s e r i e s ,  

m - i s  t h e  s e r i e s '  s t a n d a r d  d e v i a t i o n .  

-2 
2 

-2 
-2 

0 
-1 

1 
- -3 

1 
3 

2 
i 1 
I t  
1 

0 1  

T A B L E  1 

I_ V d u e s  I__ of sumrlier-Td?inter d i f  Zerences i n  t h e  f r e c u e n c p  

31 
25 
27 

3' 
2( 

1 

o f  various c a t e a o r i e s  of s to rms  

- 
Year 

- 
190s 
1909 
1910 
1912 
1912 
1913 
1914 
1915 
1916 
1917 
1918 
1925 
1920 
1927 
1928 
1920 
103n 
1 9 3  1 
I932 
19x3 
1934 
1935 
1936 

- 

-- ._--- 

-11 1 
; t o m s  

-- 
I s *  

1 
-2 ~ 

1 
-2 

1 
-4 

3 
-5 
-8 

1 
-3 

3 
-5 
-3 
-2 
-8 

2 

-1 
-1 

0 1  

:2j G I ?  

st. 

1_ 

I 0 1  
1 

-1 
0 
0 
0 
0 
0 

-1 
-2 

1 
0 
1 

-1 
-2 

1 
-2 

0 
-1 

0 
1 
0 
v 
- 

All 
3 t o r r s  

Ia jor  
3 torn1 

-1 
1 

-4 
0 

-1 
1 
1 
2 
1 

-2 
-5 
-1 

0 
-2 
-2 
- I  

i 
ci 
2 
1 

-- 1 
-3 
-3 

I 'oder 
s t o r m  
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G G  

- 

1 
2 

-2 
3 
4. 
u 
3 
0 
4 

-2 
3 
3 
6 

-4 
3 
4 

-4 
3 
0 
1 
2 

-5 
5 

Bays 

- 
I - 

23 
25 

22 
36 
13 
41 I 

25 I 
21 I 
G I  

18 
23 

6 
25 

l9 , 

I 

t 
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?he v a l u e s  E ( h )  ivkich may be expec ted  f o r  a random s e r i e  

o f  d i f f e r e n c e s ,  is l / h .  These values and t h e  computed vcilues E ( h )  

are brodgh t  o u t  i n  Tab le  2.  Here a r e  c o u p i l e d  a l s o  t h e  v a l u e s  Z ' ( h )  

found upon e x c l u s i o n  of t h e  s e c u l a r  c o u r s e  o f  c ,ua i i t i t i es  &;  t h i s  

was reached  by s u b s t r a c t i o i i  from d of six- ~11s 11-yea r  avera.;es. . .  

ilata o f  Tab le  2 allow t h e  conc luz ion  t h a t  t h e  s e r i e s  of 

A v a l u e s  i s  n o t  random, i. e.  t h e  f i r s t  h a r u o n i c  does  e x i s t ,  

and i t s  year - to-year  v a r i a t i o n s  c o n t a i n  a r e , y u l a r  e l emen t .  

2. One may g e t  convinced of t h e  f a c t  t h a t  t h e  v a r i a t i o n s  

o f  t h e  q u a n t i t i e s  h have an ap i j rox ina te ly  11 -yea r  p e r i o u i c i t y ,  and 

are l i n k e d  wi th  t h e  s o l a r  a c t i v i t y  c y c l i c i t y .  Indeed ,  t h e  mean 

v d u e s  

ami epochs :  

A ,  cowputed o n l y  and s e p a r a t e l y  f o r  t h e  maximum and mini- 

E.:aximum epochs : 1916 - 1917, lgZ8-19;9, 1.338-1939, 19k7- 

Kinimum epochs : 1912-1913, l ' j32-1934, 1942-1944, 1954 - 
1948, 1957 - 1958. 
1955, e 

r e s u l t e d  r e s p e c t i v e l y  eqzal. t o  -4 .1  and + 0.16, v;hile t h e  d i f f e -  

r e n c e  between t h e s e  v a l u e s  i s ,  accorciing t o  S t u d e n t  c r i t e r i o n ,  

r e l i a b l e  w i t h  a p r o b a b l i t y  > 0.995. S t i l l  more c o n v i n c i n g  a r e  

t h e  results i l l u s t r a t e d  by t h e  fol lo- . . - ing g r a p h ,  where s e c u l a r  

phase  v a r i a t i o n s  of t h e  f i rs t  harmonic of  t h c  s l i p ix ing  t h r e e - y e a r  

mean storm f r e q u e n c i e s '  coyclrse a r e  p l o t t e d .  ( s o l i d  l i n e ) .  lTOiq com- 

p a r i s o n  

* 



The 11-yea r  c y c l i c i t y  * of parameter  % v a r i a t i o n s  nari-o'ris 

c o n s i c e r a b l y  t h e  c i r c l e  of  p o s - i b l e  c a u s e s  o f  fo rma t ion  c21: 

The annua l  v a r i a t i o n s  01 ionoLpiiere pa rame te r s  and o f  t h e  d i s t a n -  

ce  2ar t 'h  - Sun cannot  c o n s t i t u t e  t l  ose c a u s e s ,  b u t  a p l i a r e n t l y ,  

t h e  y e a r l y  v a r i 2 t i o n s  o f  t h e  pa rame te r s  o f  2 a r t h f s  m a p c t i c  f i e l d  

and c o r 2 u s c u l a r  s t r e a m  i n t e r a c t i o n  can, Because 0: t h e i r  so la r  

o r i g i n ,  t h e  11 -yea r  c y c l i c i t y  i s  i n h e r e n t  0 ;  Lie l a t t e r .  

E ( h )  
E ' ( h )  
l / h  

T A B L E  2 

1 , O O  O,77 O , S  0,52 0,60 0,67 
1,OO 0,93 0,21 0,13 0,12 O,47 
1,OO 0,50 0,22 O , 1 1  0 , l O  0.09 

7 
I 

b 3 10 11 

3. It uzcy be shown t h a t  t h e  c y c l i c a l  v a r i a t i o n s  of t h e  

phase  rg iiiiiiinish o r  d i s a  2L.r c o l q l e t e l y  at passing frolA t k e  f r e -  

quency o f  all stor ins  t o  t h a t  of s t o r m  of c i i s t i n c t  c a t e g o r i e s .  

Indeed  ( s e e  Tab le  11, n a j o r  s t o r m  have v a l u e s  A < 0 at  a l l  phases  

01 t h c  c y c l e  ( a s i a e  from t h e  mieFLuun eyoch ,  :.;iei-c A is n e a r  z e r o ) .  

I n  c a s e  o f  n o i e r n t e  s t o r m  wi th  g r a d u a l  comiencei,lent (G-storms ) 

t h L  va lues  A > 0 and 4 < 0 a r e  d i s t r i b u t e d  wi th  about t h e  sane 

f reqnency  a long  a l l  t l ic phases  of t h e  c y c l e .  T h e i r  clean v d u e s  for 

t h e  ruaxiiaurn and m i n i u m  epochs c o n s t i t u t e  

t h e  dif l e r e n c e  betrieen t h o s e  t n o  vKiues,  es t i l i la ted w i t 3  t h e  aid 

ol" t h e  d t u d e n t  c r i t e r i o n  r e s u l t e d  u n r e l i a b l e .  I n  t h e  fo l lo - " - ing  

;roup 0; d iL tu rbznces  ( b a y s )  t h e  v i i u e s  

coilipiled i n  t h e  Tab le .  

- 2.16 and 0.41, : . h i l e  

h 7 0 f o r  d1 t h e  20 years are 

The .da ta  brou;ht f o r t h  show, t h h t  two t y p e s  o f  e x i s t  : 

one w i t h  a m.xilLura 2.uring t i le s eason  1:overiibcr-February f a r  t h e  s m a l l  

d i s t u r d a n c e s  (bays  ), a d  t h e  o t h e r  w i t h  a mxiaum ciuring t h e  Kay - 
August s e a s o n ,  f o r  major  a n C  v e r y  g r e a t  S C  - storms, Kot everyone  
- 
*in t he  sense "cycle  of opera t ions"  
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o f  t h e s e  5 t y p e s  v a r i e s  (or v a r i e s  l i t t l e )  i n  t h e  11 -yea r  c y c l e .  
n l h i s  i s  &so s e e n  from '?'able 3 ,  where xe c o n p i l e d  t h e  a r q i l i t u d e s  

and  t h e  phases  of t h e  maxiniuln o f  6 harmonics  a c c o r d i n g  t o  data o f  

t h e  I rkutsk  c a t a l o g u e  ( t h e  ampl i tudes  b e i n g  r e l a t e d  t o  t h e  mean- 

annual  l e v e l ,  and sq- t h e  p robab le  2hase  e r r o r ) .  It mzy be s e e n  

from T a b l e  j ih2.t i n  c m e  of l a r g e  o r  v e r y  l r . r g e  s t o r m s ,  and. a l s o  

of  moderate  SC - s t o r m s ,  h a s  a sum..er mmimum, m d  t h e  Says - 
a s h a r p  w i n t e r  rnaxiaum. The moderate G-s torms c o n s t i t u t e  a t ras i -  

t i o n  group. 

Thus ,  t h e  exl3lanat ion of t h e  coiiiplex p a t t e r n  of  ph?.se 

v a i - i a t i o n  may be sii l i f i e d  and reduced t o  t h e  d e s c r i p t i o n  o f  two 

mechanisms t h a t  do n o t  va ry  i n  t h e  11-year c y c l e .  One o f  them a c t s  

a l s o  i n  c a s e  of weak G - s t o r m ,  c o n t i i t i o n i n g  t h e i r  w i n t e r  meximum, 

t h e  o t h e r -  i n  c x e  of  major s t o r m s  and all S C - s t o r m ,  c r e a t i n g  
oSvioui:l;{ 

c.r ma::iumi. The r e s u l t i n g  wave / m a n g e s  e phase  i n  t h e  

1 1 - y e a r  c y c l e  on accoun t  o f  t h e  v z r i c t i o n  of t h e  r e l a t i v e  e-eight o f  

t i l ese  t-.-:o o f  i t s  c o i q o n e n t s .  

4.. The r e f e r r e d - t o  mechanisras o f  f o r n n t i o n  a r e  proposed  

i n k ,  41, There t h e  e x i s t e n c e  i n  t h e  s t r e a m s  of  f r o z e n - i n ,  r a d i a l l y  

d i r e c t e d  from t h e  Sun m a p e t i c  f i e l c i s  is assumed. The i n t e n s i t y  of  

t h e  f i e l d s  is 01 t h e  o r d e r  of  10'5-10' g a u s s .  The e x i s t e n c e  of  

s u c h  f i e l d s  h a s  been r e c e n t l y  coi.:oborsted e5]. PL r z d i a l  f i e l d  i n  

i n t e r y l a n e t - r y  s p a c e  h a s  been a l s o  r e c e n t l y  assuned  by t h e  a u t h o r s  

of r e f e r e n c e  [ 6 ] .  

6 

'i'he d i r e c t i c n  o f  t h e  f i e l d  c r e a t i n g  of s t r o n g  and -;!eak 

s t o r m  n u z t  o b v i o u s l y  be o p p o s i t e :  i n  cease o f  major st0i-m t h e  f i e l d  

must be d i r e c t e d  from t h e  Sun t o  t h e  Yarth,  and i n  cese  o f  c.eak 

stor1.E - from t h e  L a r t h  t o  t h e  Sun. I f  me as suxe  t h a t  t':e strong 

and t h e  weak s t o r m s  are r e L p e c t i v e l y  Genera ted  by t h e  ' ' sp ine"  and 

t h e  "ed,-es" o f  t h e  s t r e a m ,  we may r e a c h  a r e ; r e z e n t a t i o n  o f  a 

s t r e a  t r a p s e d  f i e l d  i , i t h  l i n e r  of f o r c e  s t r e t c h e d  i n  o g p o ~  i t e  d i -  

r e c t i o n s  a t  t h e  e t g e s  an, i n  t h e  ' ' sp ine r t  ol" t h e  s t r e a n .  



7 .  

427 
92 
171 
130 

1441 

.-~ 
Msgnet ic  s t o r m  

0;13 78 31 0,IG 203 13 0,08 172 50 0,03 324 46 
0,lO 167 37 0,34 160 19 0,25 56 53 0,2Y 2/10 16 
0,27 197 21 0,21 104 33 0,13 9/t 28 0,13 314 33 
0,19 205 39 0,4G 162 13 0,09 284 2G U,30 13 9 
0,70 347 - 0,23 175 - 0,OS 148 - 0,11 305 - 

Moderate G- 
Great G- 
Moderate SC- 
Grea t ,  SC- 
Bays 

5. L e t  u s  c a l l  o u r  a.L-tention t o  some oi" t h e  d a t a  o f  t h e  

above T a b l e  3 .  # , e  may a::ssui;ie. t h a t  t h e  e r r o r s  &r i n  t h e  d e t e r -  

!.:ination o f  q .ua: i t i t ies  r ( a a p l i t u d e s  of harmonics)  from one 

g roup  o f  s t o r m s  t o  mo' iher  a.ccorciing t o  t h e  law l/fik = E ,  
where N is t . ie  number of  storm. Assuming k 
t o  o b t a i n  

ST,= 5rk/rg,it is e a s y  

(be low t h e  i n d i c e s  I ,  ...., LV 
modera te  and great  G - s t o r m ,  t o  u o d e r a t e  and g r e a t  S C  - storm) . 
Accor..ing t o  T a b l e  3 ,  we f i n d  wi th  t h e  h e l p  of (1) for t h e  first 

will b e  r e s p e c t i v e l y  r e f e r r e d  t o  

h a r m 0  n i  c 

IIence,  ne may see  t h a t  t h e  a-: , l i tude 

s t o r m s ,  j u s t  as t h e  v a l u e  rl ( = O,X3) a r e  s u b s t a n t i a l l y  s :na l l e r .  

t h a n  i n  t h e  group o f  g r e a t  and S C -  s t o r m s .  The phase  o f  t h e  first 

harmonic  f o r  t h a t  g roup of s t o r r i  ( yl = 78') 
v a l u e  (Tab le  3 ) .  T h i s  proves once more t h a t  t h e  r c l a s s  o f  modera- 
t e  G-storms h a s  an i n t e r m e d i a t e  c h a r a c t e r ,  t r a n s i t i o n a l  between 

b a y s  an6  major or S C  - s t o r m  c a t e g o r i e s .  

a l r e a d y  have a G - t y n e  w i t h  a sanriiier maxinmm and v a l u e s  r:, rl , 
which are t h e  g r e a t e s t  xiiongst t h e  f o u r  ,groups o f  s t o r m ,  and n o t  

t i le  t r a n s i t i o n a l  type  G. i ,ccording t o  p o i n t  5, t h i s  c i r cuns t amce  

poi : i ts  t o  tLe f s c t  t h s t  t h e  rc?cLic?l f i ~ .  n e t i c  f i e l d  i n  t h e  s t r e a m s  

rl i n  t h e  g roup  o f  moderate  G- 

h e s  an i n t e r m e d i a t e  
11 

- 

It is  aJ-so i n t e r e s t i n g  t o  n o t e  t h a t  t h e  moderate  S C -  s t o r m  
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c 

r e s p o n F i b l e  f o r  t h e  SC-storms, is i n t e n s i f i e d  by comparir_on 175th 

t h e  G - s t o r m  (magne t i c  c u s h i o n )  and i s  d i r e c t e d  a l o n g  t h e  v e l o c i -  

t y  v e c t o r .  Tor t h e  a m p l i t u d e s  ol t h e  second harmonic o f  % t h e  ex- 

p r e s s i o n  (1) g i v e s  t h e  r e l a t i o n  : 

: & : : & =i,92 : 2,gi  : 1,24 : 3,50,  

t h e t  is c l o s e  t o  t h e  r a t i o  i f  q u a n t i t i e s  9 . i n  T a b l e  3 : 

/I : ~ 1 1  : rIII : IIV = 0,16 : 0,34-: 0,21 : 0,46; 
* 

I Consequent ly ,  b o t h  t h e  r n t i o  of r2 and r 2  q u a n t i t i e s  
I 

shorn a s i g n i f i c a n t  i n c r e a s e  i n  t h e  a q l i t u d e s  o f  t h e  second harmo- 

n i c  of 6 w i t h  t h e  t r a n s i t i o n  f r o n  moderate t o  g r e a t  storms (more 

t h a n  t w i c e ) .  It is i n t e r e s t i n g  t o  n o t e ,  t h a t  SC-storms have g rea -  

t e r  v d u e s  r2 
l a r l y  i n  t h a t  of g r e a t  s t o r - m .  T h i s  p o i n t s  t o  t h e  f a c t  El], that  

’ t h e  e q u i n o c t i a l  mzxina o f  a c t i v i t y  a r e  n o t  t h e  consec.uence o f  o n l y  

t h e  e f f e c t ,  i nacnuch  as t h e  a n g u l a r  wid th  o f  t h e  s t r e a m s  

g e n e r a t i n g  t h e  ( f l a r ing )  SC-storms, m u s t  be g r e a t e r  t h a n  i n  c a s e  o f  

f l o c u l a t e d  G - s to rms  c 7 ,  81. 

, 

~ 

t h a n  G-storms i n  t h e  group of moc?.erate, and p a r t i c u -  

* r(; * *  + *  Q %: * *  
rj7m E m  $ :% * :: ::: ::: 5,: + +: % 

IZMIRAM PaFer  e n t e r e d  on 26 Dec.1961 

T r a n s l a t e d  by ATDRY L .  BFIICHANT 

f o r  t h e  

I: AT IO i t a  Ai3 IiOIiA VI’ I Cs -4I’TD S PACE A m I I  NI S TR AT I O N  

J u l y  F i r s t ,  1962 

:,e feL-ences. ./. . 
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